Importance of the different proteolytic sites of the proteasome and the efficacy of inhibitors varies with the protein substrate.
The relative importance of the different proteolytic sites in mammalian proteasomes in protein degradation has not been studied systematically. Nevertheless, it is widely assumed that inhibition of the chymotrypsin-like site, the primary target of the proteasome inhibitors used in research and cancer therapy, reflects the degree of inhibition of protein breakdown. Here we demonstrate that selective inactivation of the chymotrypsin-like site reduced degradation of model proteins by pure 26 S proteasomes by only 11-50% and decreased only slightly the breakdown of proteins in HeLa cells. Inactivation of the caspase-like site decreased breakdown of model proteins by 12-22% and of the trypsin-like site by 3-35%. The relative contributions of these different sites depended on the protein substrate, and the importance of the trypsin-like sites depended on the substrate's content of basic residues. Simultaneous inhibition of the chymotrypsin-like and the caspase- or trypsin-like sites was needed to reduce degradation by >50%. Thus, 1) all three types of active sites contribute significantly to protein breakdown, 2) their relative importance varies widely with the substrate, 3) assaying the chymotrypsin-like activity overestimates the actual reduction in protein degradation, and 4) inhibition of multiple sites is required to markedly decrease proteolysis.